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Background: Prehospital emergency care of children is challenging. In the era of the COVID-19 pandemic, when
medical personnel should use personal protective equipment against aerosol-generating procedures, the effi-
ciency of medical proceduresmay decrease. The study objective was to evaluate the effectiveness of different in-
travascular access methods applied by nurses wearing biosafety Level-2 suits in simulated paediatric COVID-19
resuscitation.
Methods: A prospective, randomized, crossover, single-blinded simulation trial was performed. Nursing staff at-
tending Advanced Cardiovascular Life Support courses accredited by the AmericanHeart Association participated
in the study. A total of 65 nurses were recruited and randomly assigned to different study groups. They received
standard training on intravascular access methods employing distinct devices. The participants wore biosafety
Level-2 suits and performed vascular access with the following intraosseous devices: NIO-P, EZ-IO, and Jamshidi
needle; intravenous (IV) access was used as a reference method. Both the order of participants and the access
methods were random. Each participant performed intravascular access with each of the four methods tested.
The effectiveness of the first attempt to obtain intravascular access and the following time parameters were
analysed: the time between grasping the intravascular device out of the original packing until infusion line con-
nection. The ease of the procedure was measured with a visual analogue scale (1 – easy; 10 – difficult).
Results: The first attempt success rate of intravascular access by using NIO-P and EZ-IO equalled 100% and was
statistically significantly higher than that with the Jamshidi needle (80.0%; p = 0.02) and with the IV method
(69.2%; p = 0.005). The time required to connect the infusion line varied and amounted to 33 ± 4 s for NIO-P
compared to 37 ± 6.7 s for EZ-IO (p < 0.001), 43 ± 7 s for Jamshidi (p < 0.001), and 98.5 ± 10 s for IV access
(p < 0.001). The procedure was easiest in the case of NIO-P and EZ-IO (2 ± 1 points; p = 1.0) compared with
Jamshidi (5 ± 3 points; p < 0.001) and IV access (7 ± 2 points; p < 0.001).
Conclusion: The study provides evidence that nurses wearing biosafety Level-2 suits were able to obtain
intraosseous access faster andmore effectively as comparedwith IV access during simulatedCOVID-19paediatric
resuscitation. Themost effective method of intravascular access was the NIO-P intraosseous device. Further clin-
ical trials are necessary to confirm the results.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

The world is struggling with the COVID-19 pandemic. A total of
152,871,267 cases of COVID-19 were reported as of May 3rd, 2020,
with a mortality rate of 2.1%. Severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) continues to cause an international health
crisis through the coronavirus disease named COVID-19. The safety of
medical personnel in the time of the pandemic is extremely impor-
tant owing to the risk of coronavirus transmission. Respiratory infec-
tions can be transmitted through droplets of different sizes: when the
droplet particles are >5–10 μm in diameter, they are called respira-
tory droplets, and those <5 μm in diameter are referred to as droplet
nuclei [1,2]. According to the existing evidence, COVID-19 virus is pri-
marily transmitted between people through respiratory droplets and
contact routes [3]. As a result, healthcare workers performing medi-
cal procedures with close contact with infected patients are particu-
larly exposed. Current World Health Organization guidelines
concerning personal protective equipment (PPE) and infection con-
trol are based on the assumption of the primary mechanism of trans-
mission. A number of studies have shown an association between
aerosol-generating procedures (AGP) and healthcare worker infec-
tion during the SARS-CoV-1 and SARS-CoV-2 epidemic [4-7]. There-
fore, if cardiopulmonary resuscitation is undertaken, the medical
personnel should wear PPE suitable for AGP because of the potential
risk of infection [8,9].

Intravascular access is a key procedure performed in life-
threatening situations and an essential element of cardiopulmonary re-
suscitation [10]. Obtaining vascular access under emergency conditions,
including cardiopulmonary resuscitation, may be difficult owing to the
collapsed vascular bed or time pressure and patient movements caused
by chest compressions. Numerous studies indicate that achieving pe-
ripheral intravenous (IV) access in children is generally more difficult
than in adults [11,12]. Intraosseous access constitutes an alternative
to IV access. In a study by Reades et al. [13], tibial intraosseous access
was characterized by a higher first-attempt success rate and more
rapid time for vascular access in adults during out-of-hospital cardiac
arrest compared with peripheral IV access. The superiority of
intraosseous access over IV access in the conditions of simulated cardio-
pulmonary resuscitation of children was demonstrated by Bielski et al.
[14], however, this study was conducted under conditions where par-
ticipants were not wearing protective suits. Bielski et al. demonstrated
in their study the advantage of NIO-P intraosseous access device over
BIG®, EZ-IO®, and Jamshidi devices. This advantage concerned both
the reduction of the procedure duration, with the simultaneous highest
first attempt success rate and easiest procedure to operate even by nov-
ice users.

However, none of the above-mentioned studies was conducted
under simulated COVID-19 patient resuscitation conditions. Due to the
prevailing pandemic, when emergency medical service personnel
should treat any patient as potentially infected, procedures should be
performed wearing PPE-AGP. Providing vascular access when using
protective suitsmay reduce the effectiveness of the intravascular access,
as well as extend the duration of the procedure. Themeta-analysis pub-
lished by Drozd et al. confirms this [15], in which the authors confirmed
that the use of PPE significantly prolongs the duration of endovascular
procedures in adults.

In this prospective, randomized, crossover study, we sought to de-
termine if wearing a biosafety Level 2 suit had an impact on the time
to obtain successful intravascular access and the first-pass success
rates with different intravascular access methods in a paediatric
model. Secondary objectives were to determine the preferred intravas-
cular access modality with PPE and the barriers associated with intra-
vascular access with PPE.
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2. Material and methods

2.1. Study design and participants

The trial protocol was approved by the Institutional Review Board of
the Polish Society of Disaster Medicine (No. 11.01.20.IRB). Study was
designed as a prospective, randomized, crossover, single-blinded trial.
The study was performed between January and August 2020 among
nursing staff, in a medical simulation setting.

Overall, 65 nurses participating in Advanced Cardiovascular Life
Support courses accredited by the American Heart Association were in-
volved in the study after providing their voluntary written informed
consent. The usage of all study devices was explained to them. The par-
ticipants received no compensation for the enrolment. No participant
was excluded during the study process.

2.2. Devices

The devices used in the study were the following (Fig. 1):

• The NIO-Paediatric (NIO-P; New Intraosseous PerSys Medical, Hous-
ton, TX, USA), which is a spring-loaded automatic intraosseous access
device designed for patients aged 3–12 years. This single-package de-
vice contains an 18-gauge needle, a stylet, and a needle stabilizer. The
location arrows on the device assist in finding the correct intraosseous
tibial position in paediatric patients [14].

• The IO drill Arrow® EZ-IO® (EZ-IO; Teleflex Medical, Research Trian-
gle Park, NC, USA), a device composed of a battery-powered vascular
access driver with an integrated driller stylet-tipped 15-gauge needle.
In the current study, a 15-mm-long needle was used, recommended
for placement in the proximal tibia in 3–39-kg patients.

• Jamshidi intraosseous needle (Jamshidi; Baxter HealthCare Corpora-
tion, Deerfield, IL, USA), which is a 15-gauge device insertedmanually
with the use of pressure and rotation. An adjustable guard helps con-
trol the needle insertion depth.

As a reference method, a standard IV access was used. A peripheral
IV catheter with an injection port was applied (20G size, Vasofix®
Braunüle®, B. Braun Melsungen, Melsungen, Germany) [16] and the
participants performed IV access within the cubital fossa.

2.3. Study procedure

Prior to the study, all participants took part in a 30-min theoretical
training on the use of intraosseous accesses during cardiopulmonary re-
suscitation. At the end of the training, they received instructions on
obtaining correct vascular access with particular devices. Next, the
nurses took part in a practical session during which they had an oppor-
tunity to perform intraosseous accesswith the tested devices in an adult
manikin under normal conditions.

The proper study was conducted on the following day. A Pedi HAL®
S3005 simulator, designed as a 5-year-old patient, was used to simulate
a childwith suspected/confirmed COVID-19 requiring cardiopulmonary
resuscitationwith vascular access (Supplementary Fig. 1). The simulator
was placed on a stretcher (Stryker, Kalamazoo, MI, USA). Chest com-
pressionswere performedwith the LUCAS 3mechanical chest compres-
sion system (Stryker, Kalamazoo,MI, USA) to standardize thedifficulties
resulting from the patient movement during the procedure.

As PPE, biosafety Level 2 suits were used, which comprise boot
covers, protective overalls, inner nitrile gloves, a hood, an FFP3 mask,
panoramic and self-ventilated protective goggles, and outer nitrile
gloves [17].



Fig. 1. Intraosseous access devices used in the trial: (A) NIO-Paediatric device; (B) EZ-IO device; (C) Jamshidi needle; (D) intravenous cannula.
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Both the order of participants and themethods of obtaining vascular
access were random. The Research Randomizer system (randomizer.
org) was used for this purpose. We divided the study participants into
four groups, the first of which started intravascular access with the
NIO-P device, the second with the EZ-IO, the third with the Jamshidi
needle, and the fourth with intravascular access with standard intrave-
nous cannula. The participants had one attempt to gain vascular access
for each of themethods. After completing the vascular access, the nurse
had a 5-min break and then performed vascular access with another
method. The randomization procedure is described in detail in Fig. 2.
Fig. 2. Randomization flow chart in accor
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2.4. Outcome measures

The primary outcomeof the studywas the success rate of thefirst in-
travascular access attempt in the paediatric resuscitation model. The
secondary outcomes were the procedure time defined as a time be-
tween grasping the intravascular device out of the original packing
until infusion line connection.We also investigated preferences regard-
ing intravascular access modalities with PPE and the barriers associated
with intravascular access with PPE. The ease of the procedure wasmea-
sured with a visual analogue scale (1 – easy; 10 – difficult).
dance with the CONSORT statement.

http://randomizer.org
http://randomizer.org


Table 1
Effectiveness of intravenous access

Parameter Intravascular access type

NIO EZ-IO Jamshidi IV

Success rate % 65 (100%) 65 (100%) 52 (80.0%) 45 (69.2%)
Procedure time, s 33 ± 4 37 ± 6.7 43 ± 7 98.5 ± 10
Ease of use 2 ± 1 2 ± 1 5 ± 3 7 ± 2
Preferences of use 51 (78.5%) 14 (21.5%) 0 (0.0%) 0 (0.0%)
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2.5. Statistical analysis

The sample size was calculated with the G*Power 3.1 software
(Cohen's d: 0.8; alpha error: 0.05; power: 0.95). The calculation implied
a minimum of 53 necessary participants. To ensure a safety margin, we
recruited 65 participants in the study.

All study data were entered into an electronic database (Microsoft
Excel 2015, Microsoft Corp., Redmond, WA, USA) and then statistical
analyses were performed by using Statistica 13.4EN software (Tibco
Inc., Tulsa, OK, USA). At the stage of the statistical analysis, the data
were blinded. Descriptive statistics are reported as numbers and per-
centages for categorical data andmeans and standard deviations orme-
dians and interquartile ranges for continuous variables. The
intravascular access devices were compared in terms of insertion
times, success rates, adverse events that occurred during placement,
ease of use, and user satisfaction. The Kolmogorov-Smirnov testwas ap-
plied to test the data for normality. We compared qualitative variables
by Fisher exact test and Kruskal-Wallis test. Continuous data, including
time to obtain successful intravascular access, underwent testing with
the analysis of variance (ANOVA). A two-tailed p value of 0.05 was con-
sidered significant.
Table 2
Statistical analysis of study results.

Parameter Comparison

Success rate NIO vs. EZ-IO
NIO vs. Jamshidi
NIO vs. IV
EZ-IO vs. Jamshidi
EZ-IO vs. IV
Jamshidi vs. IV

Procedure time NIO vs. EZ-IO
NIO vs. Jamshidi
NIO vs. IV
EZ-IO vs. Jamshidi
EZ-IO vs. IV
Jamshidi vs. IV

Ease of use NIO vs. EZ-IO
NIO vs. Jamshidi
NIO vs. IV
EZ-IO vs. Jamshidi
EZ-IO vs. IV
Jamshidi vs. IV

Preferences of use NIO vs. EZ-IO
NIO vs. Jamshidi
NIO vs. IV
EZ-IO vs. Jamshidi
EZ-IO vs. IV
Jamshidi vs. IV

Legend: NA = Not applicable; MD = Mean Difference; OR = Odds Ratio; CI = Co
A two-tailed p value of 0.05 was considered significant.
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3. Results

3.1. Participants

Overall, 65 nurses (57 females, 87.7%) participated in the study, and
none of them had previous experience with intravascular access with
biosafety Level 2 or higher suit. The subjects' mean age was 42.5 ±
16.3 years, and the mean work experience equalled 21.5 ± 13.7 years.
3.2. Primary outcomes

The first attempt success rate of intraosseous access by using NIO-P
and EZ-IO equalled 100% and was statistically significantly higher than
that with Jamshidi (80.0%; p = 0.02) and with the IV method (69.2%;
p < 0.001).
3.3. Secondary outcomes

Detailed statistical analyses are presented in Tables 1 and 2. The time
required to obtain intravascular access for NIO-P was 33 ± 4 s and
turned out statistically significantly shorter than that for EZ-IO (37 ±
6.7 s; p < 0.001), Jamshidi (43 ± 7 s; p < 0.001) and IV access (98.5 ±
10 s; p < 0.001). There was also a statistically significant reduction in
the time of intravascular access between EZ-IO vs. Jamshidi
(p < 0.001) and EZ-IO vs. IV access (p < 0.001).

The ease of intravascular access by using NIO-P, as well as EZ-IOwas
assessed at 2± 1 points in the visual analogue scale score. In the case of
Jamshidi, the procedure ease was determined at 5 ± 3 points
(p < 0.001), while the most difficult procedure to obtain intravascular
access was the IV method (7 ± 2 points; p < 0.001).
OR / MD (95%CI) p-Value

OR = 0.00 (−0.03, 0.03) 1.0
OR = 33.69 (1.96, 579.98) 0.02
OR = 59.02 (3.48, 1000.95) 0.005
OR = 33.69 (1.96, 579.98) 0.02
OR = 59.02 (3.48, 1000.95) 0.005
OR = 1.78 (0.80, 3.97) 0.16

MD = −4.00 (−5.90, −2.10) <0.001
MD = −10.00 (−11.96, −8.04) <0.001
MD = −65.50 (−68.12, −62.88) <0.001
MD = −6.00 (−8.36, −3.64) <0.001
MD = −61.50 (−64.43, −58.57) <0.001
MD = −55.50 (−58.47, −52.53) <0.001

MD = 0.00 (−0.34, 0.34) 1.0
MD = −3.00 (−3.77, −2.23) <0.001
MD = −5.00 (−5.54, −4.46) <0.001
MD = −3.00 (−3.77, −2.23) <0.001
MD = −5.00 (−5.54, −4.46) <0.001
MD = −2.00 (−2.88, −1.12) <0.001

OR = 13.27 (5.75, 30.63) <0.001
OR = 465.28 (27.11, 7985.28) <0.001
OR = 465.28 (27.11, 7985.28) <0.001
OR = 36.88 (2.15, 633.01) 0.01
OR = 36.88 (2.15, 633.01) 0.01
NA NA

nfidence Interval.
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The study participants indicated NIO-P in 78.5% of cases and EZ-IO in
21.5% (p < 0.001) of cases as themethod they preferred in terms of clin-
ical practice use. None of the subjects pointed at Jamshidi or IV access as
their method of choice.

4. Discussion

The aim of this study was to evaluate various techniques for
obtaining vascular access by nurses with PPE for AGP during simulated
paediatric COVID-19 resuscitation. To our knowledge, it was the first
comparison of NIO-P, EZ-IO, and Jamshidi devices under such
conditions.

Prehospital emergency care of children is challenging. During car-
diopulmonary resuscitation, it is extremely important that individual
medical procedures are performed quickly and efficiently; this also re-
fers to obtaining vascular access [10,14]. Rapid establishment of vascu-
lar access as indicated by the European Resuscitation Council and the
American Heart Association guidelines is all the more essential in the
context of non-shockable rhythms, where epinephrine should be ad-
ministered as soon as possible. Hansen et al. [18] indicated that each
minute of delay in epinephrine administration was associated with de-
creased survival and unfavourable neurological outcomes. Numerous
studies also point to comparable pharmacokinetics and pharmacody-
namics of drugs administered by IV and intraosseous access [19,20].

The use of protective suits increases the safety of medical personnel
in the context of potential infection. However, the mobility constraints
associated with wearing aprons or overalls and double gloves may re-
duce the effectiveness of medical procedures by increasing their dura-
tion and lowering the performance efficiency [21-25].

Because of the lack of literature data on intraosseous access per-
formed in children by rescuers wearing PPE, the discussion was devel-
oped in relation to the results concerning vascular access obtained
without a protective suit. In addition, the results of our own study
were presented with respect to intraosseous access in adults when the
medical personnel were dressed in PPE for AGP.

In our study, the first attempt success rate of intravascular access
was 100% for NIO-P and EZ-IO, 80% for Jamshidi, and 69.2% for IV access.
El-Nawawy et al. [25] in a study analysing intravascular access in paedi-
atric septic shock patients indicated that the success rate of the first at-
tempt of IV and intraosseous access was varied and amounted to 50%
and 100%, respectively. As implied by Feldman et al. [26], paramedics
presented a slightly higher insertion success rates in intraosseous access
compared with emergency department nurses in a paediatric bone
model (83.3% vs. 79.4%); the effectiveness of obtaining access equalled
80% vs. 70.6% for the NIO-P intraosseous access device and 86.7% vs.
88.2% for EZ-IO. Szarpak et al. [27] observed the effectiveness of NIO-P,
EZ-IO, and Jamshidi at the level of 100%, 97%, and 43%, respectively.

Another important parameter related to intraosseous access during
resuscitation is the time of the procedure execution. Owing to personal
limitations and the necessity to performmanymedical procedures dur-
ing cardiopulmonary resuscitation, the access should be obtained as
soon as possible. In our study, the shortest timewas achieved for the in-
travascular access with NIO-P (33 ± 4 s) and the longest for IV access
(98.5± 10 s; p<0.001). In a study by Suyama et al. [28], 22 paramedics
established anterior tibial intraosseous access in an adult patient using
the EZ-IO system and routine antecubital IV access with and without
PPE. The authors revealed a statistically significantly shorter fluid infu-
sion time in the case of intraosseous access (28.33 s) compared with
IV access (46.28 s; p < 0.001). Also, other authors, including Castle
et al. [29], Lamhaut et al. [30], and Szarpak et al. [31], reported a signif-
icantly shorter time of performing the intraosseous access procedure
while using PPE for AGP.

It is worth emphasizing that the use of NIO-P or EZ-IO, in the subjec-
tive opinion of the study participants,was associatedwith amuch easier
procedure to get intravascular access, compared to the Jamshidi needle
or the intravenous cannula. The ease of performing the procedure may
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shorten the duration of the procedure as well as increase the efficiency
of its performance. However, although NIO-P and EZ-IO were similarly
easy to perform, NIO-Pwas the preferredmethod of IO access compared
to EZ-IO (78.5% vs. 21.5%; p< 0.001). The differences observed between
NIO-P and EZ-IO in “procedure time” and “ease of use” make NIO-P
more effective than EZ-IO, therefore, NIO-P should be considered as
the first intravascular access option. However, EZ-IO shows more posi-
tive results than the other techniques and should be used as a second
option to gain intraosseous access.

4.1. Strengths and limitations

The present study has several limitations. Firstly, it was conducted
under the conditions of medical simulation and not those of real medi-
cal actions. This was, however, intentional and dictated by the fact that
medical simulation allows to fully standardize the performed medical
procedures, without any risk for a potential patient or the personnel in-
volved in particular procedures [32,33]. This is even more important in
the era of a pandemic, when the risk of potential infection is extremely
real owing to the high virulence of SARS-CoV-2 [2,34]. The second lim-
itation was the participation of nurses only. Nevertheless, in a hospital
setting, it is relatively often nurses who are required to perform cardio-
pulmonary resuscitation and to obtain vascular access. Another limita-
tion is the use of an adult mannequin during the training session, in
which the participants of the study exercised both intraosseous and in-
travenous access. They carried the exercises out without the use of PPE-
AGP. Such action was deliberate and was aimed at mastering the tech-
nique of obtaining intraosseous access using variousmethods - without
causing distortions of the results in the proper examination.

The study also has its strengths, which include, among others, the
randomized, cross-over design, as well as result blinding at the stage
of statistical analysis. An additional advantage is the use of three differ-
ent methods for establishing intraosseous access. Additionally, the ob-
tained results have clinical implications. Medical personnel, especially
emergency medical service personnel wearing PPE-AGP - where each
patient should be treated as potentially infectious, and every minute is
critical - we should consider the use of intraosseous access as the pri-
mary method of obtaining intravascular access.

5. Conclusions

The study provides evidence that nurses wearing biosafety Level 2
suits were able to obtain intraosseous access faster andmore effectively
as compared with IV access during simulated COVID-19 paediatric re-
suscitation. The most effective method of intravascular access was the
NIO-P intraosseous device. Further clinical trials are necessary to con-
firm the results.

Declaration of Competing Interest

Authors don't declare any conflict of interest.

Acknowledgements

The study was supported by the ERC Research Net and by the Polish
Society of Disaster Medicine.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2021.05.080.

References

[1] Sommerstein R, Fux CA, Vuichard-Gysin D, et al. Risk of SARS-CoV-2 transmission by
aerosols, the rational use of masks, and protection of healthcare workers from

https://doi.org/10.1016/j.ajem.2021.05.080
https://doi.org/10.1016/j.ajem.2021.05.080


A. Drozd, J. Smereka, M. Pruc et al. American Journal of Emergency Medicine 49 (2021) 189–194
COVID-19. Antimicrob Resist Infect Control. 2020;9(1):100. https://doi.org/10.1186/
s13756-020-00763-0.

[2] Dzieciatkowski T, Szarpak L, Filipiak KJ, Jaguszewski M, Ladny JR, Smereka J. COVID-
19 challenge for modern medicine. Cardiol J. 2020;27(2):175–83. https://doi.org/10.
5603/CJ.a2020.0055.

[3] Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet. 2020;395:497–506. https://doi.org/10.1016/
S0140-6736(20)30183-5.

[4] Tian C, Lovrics O, Vaisman A, et al. Risk factors and protective measures for
healthcare worker infection during highly infectious viral respiratory epidemics: a
systematic review and meta-analysis. Infect Control Hosp Epidemiol. 2021 Jan;25:
1–102. https://doi.org/10.1017/ice.2021.18.

[5] Wilson NM, Norton A, Young FP, Collins DW. Airborne transmission of severe acute
respiratory syndrome coronavirus-2 to healthcare workers: a narrative review. An-
aesthesia. 2020 Aug;75(8):1086–95. https://doi.org/10.1111/anae.15093.

[6] Liu M, Cheng SZ, Xu KW, et al. Use of personal protective equipment against corona-
virus disease 2019 by healthcare professionals in Wuhan,China: cross sectional
study. BMJ. 2020;369:m2195. https://doi.org/10.1136/bmj.m2195.

[7] Chatterjee P, Anand T, Singh KJ, et al. Healthcare workers & SARS-CoV-2 infection in
India: a case-control investigation in the time of COVID-19. Indian J Med Res. 2020;
151(5):459–67. https://doi.org/10.4103/ijmr.IJMR_2234_20.

[8] Malysz M, Dabrowski M, Böttiger BW, et al. Resuscitation of the patient with
suspected/confirmed COVID-19 when wearing personal protective equipment: a
randomized multicenter crossover simulation trial. Cardiol J. 2020. https://doi.org/
10.5603/CJ.a2020.0068.

[9] Ruetzler K, Smereka J, Ludwin K, et al. Respiratory protection among healthcare
workers during cardiopulmonary resuscitation in COVID-19 patients. Am J Emerg
Med. 2020. https://doi.org/10.1016/j.ajem.2020.05.014.

[10] Smereka J, Szarpak L, Filipiak KJ, Jaguszewski M, Ladny JR. Which intravascular ac-
cess should we use in patients with suspected/confirmed COVID-19? Resuscitation.
2020;151:8–9. https://doi.org/10.1016/j.resuscitation.2020.04.014.

[11] Laudenbach N, Braun CA, Klaverkamp L, et al. Peripheral i.v. stabilization and the rate
of complications in children: an exploratory study. J Pediatr Nurs. 2014;29(4):
348–53. https://doi.org/10.1016/j.pedn.2014.02.002.

[12] Whitney R, Langhan M. Vascular access in pediatric patients in the emergency de-
partment: types of access, indications, and complications. Pediatr Emerg Med
Pract. 2017;14(6):1–20.

[13] Reades R, Studnek JR, Vandeventer S, et al. Intraosseous versus intravenous vascular
access during out-of-hospital cardiac arrest: a randomized controlled trial. Ann
Emerg Med. 2011;58(6):509–16. https://doi.org/10.1016/j.annemergmed.2011.07.
020.

[14] Bielski K, Szarpak L, Smereka J, et al. Comparison of four different intraosseous access
devices during simulated pediatric resuscitation. A randomized crossover manikin
trial. Eur J Pediatr. 2017;176(7):865–71. https://doi.org/10.1007/s00431-017-
2922-z.

[15] Drozd A, Smereka J, Filipiak KJ, et al. Intraosseous versus intravenous access while
wearing personal protective equipment: a meta-analysis in the era of COVID-19.
Kardiol Pol. 2021;79(3):277–86. https://doi.org/10.33963/KP.15741.

[16] Suzuki T, Fukuyama H, Nishiyama J, et al. Differences in penetration force of intrave-
nous catheters: effect of grinding methods on inner needles of intravenous cathe-
ters. Tokai J Exp Clin Med. 2004;29(4):175–81.

[17] Kasloff SB, Marszal P, Weingartl HM. Evaluation of nine positive pressure suits for
use in the biosafety level-4 laboratory. J ABSA Int. 2018;23(4):223–32. https://doi.
org/10.1177/1535676018793151.

[18] Hansen M, Schmicker RH, Newgard CD, et al. Time to epinephrine administration
and survival from nonshockable out-of-hospital cardiac arrest among children and
adults. Circulation. 2018;137(19):2032–40. https://doi.org/10.1161/CIRCULATION
AHA.117.033067.
194
[19] Granfeldt A, Avis SR, Lind PC, et al. Intravenous vs. intraosseous administration of
drugs during cardiac arrest: a systematic review. Resuscitation. 2020;149:150–7.
https://doi.org/10.1016/j.resuscitation.2020.02.025.

[20] Ludwin K, Smereka J, Nadolny K, et al. Effect of amiodarone and lidocaine on the
shock-refractory cardiac arrest: a systematic review and meta-analysis. Kardiol
Pol. 2020. https://doi.org/10.33963/KP.15483.

[21] Kang J, O’Donnell JM, Colaianne B, et al. Use of personal protective equipment among
health care personnel: results of clinical observations and simulations. Am J Infect
Control. 2017;45(1):17–23. https://doi.org/10.1016/j.ajic.2016.08.011.

[22] Ludwin K, Bialka S, Czyzewski L, et al. Video laryngoscopy for endotracheal intuba-
tion of adult patients with suspected/confirmed COVID-19. A systematic review
and meta-analysis of randomized controlled trials. Disast Emerg Med J. 2020;5(2):
85–97. https://doi.org/10.5603/DEMJ.a2020.0023.

[23] Chen J, Lu KZ, Yi B, et al. Chest compressionwith personal protective equipment dur-
ing cardiopulmonary resuscitation: a randomized crossover simulation study. Med-
icine. 2016;95(14):e3262. https://doi.org/10.1097/MD.0000000000003262.

[24] KouM, Donoghue AJ, Stacks H, et al. Impact of personal protective equipment on the
performance of emergency pediatric procedures by prehospital providers. Disaster
Med Public Health Prep. 2020:1–8. https://doi.org/10.1017/dmp.2020.128.

[25] El-Nawawy AA, Omar OM, Khalil M. Intraosseous versus intravenous access in pedi-
atric septic shock patients admitted to Alexandria University pediatric intensive care
unit. J Trop Pediatr. 2018 Apr 1;64(2):132–40. https://doi.org/10.1093/tropej/
fmx061.

[26] Feldman O, Nasrallah N, Bitterman Y, et al. Pediatric intraosseous access performed
by emergency department nurses using semiautomatic devices: a randomized
crossover simulation study. Pediatr Emerg Care. 2018. https://doi.org/10.1097/PEC.
0000000000001621.

[27] Szarpak L, Ladny JR, Dabrowski M, et al. Comparison of 4 pediatric intraosseous ac-
cess devices: a randomized simulation study. Pediatr Emerg Care. 2018. https://doi.
org/10.1097/PEC.0000000000001587.

[28] Suyama J, Knutsen CC, NorthingtonWE, et al. IO versus IV access while wearing per-
sonal protective equipment in a HazMat scenario. Prehosp Emerg Care. 2007;11(4):
467–72. https://doi.org/10.1080/10903120701536982.

[29] Castle N, Owen R, Hann M, et al. Impact of chemical, biological, radiation, and nu-
clear personal protective equipment on the performance of low- and high-
dexterity airway and vascular access skills. Resuscitation. 2009;80(11):1290–5.
https://doi.org/10.1016/j.resuscitation.2009.08.001.

[30] Lamhaut L, Dagron C, Apriotesei R, et al. Comparison of intravenous and intraosseous
access by pre-hospital medical emergency personnel with and without CBRN pro-
tective equipment. Resuscitation. 2010;81(1):65–8. https://doi.org/10.1016/j.resus-
citation.2009.09.011.

[31] Szarpak L, Truszewski Z, Smereka J, et al. Comparison of two intravascular access
techniques when using CBRN-PPE: a randomized crossover manikin trial. Am J
Emerg Med. 2016;34(6):1170–2. https://doi.org/10.1016/j.ajem.2016.03.046.

[32] Adamczuk J, Nieklucka M, Dabrowska AH, et al. Recommendations for the use of
simulation methods in a selected area of health sciences based on an example sim-
ulation scenario. Disast Emerg Med J. 2019;4(4):173–9. https://doi.org/10.5603/
DEMJ.a2019.0031.

[33] Karczewska K, Smereka J, Szarpak L, et al. Successful one-lung ventilation using the
VivaSight-EB bronchial blocker tube for an emergency lung injury. A simulation pilot
data. Disast Emerg Med J. 2019;4(4):131–6. https://doi.org/10.5603/DEMJ.a2019.
0025.

[34] Szarpak L, Smereka J, Filipiak KJ, Ladny JR, Jaguszewski M. Cloth masks versus med-
ical masks for COVID-19 protection. Cardiol J. 2020;27(2):218–9. https://doi.org/10.
5603/CJ.a2020.0054.

https://doi.org/10.1186/s13756-020-00763-0
https://doi.org/10.1186/s13756-020-00763-0
https://doi.org/10.5603/CJ.a2020.0055
https://doi.org/10.5603/CJ.a2020.0055
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1017/ice.2021.18
https://doi.org/10.1111/anae.15093
https://doi.org/10.1136/bmj.m2195
https://doi.org/10.4103/ijmr.IJMR_2234_20
https://doi.org/10.5603/CJ.a2020.0068
https://doi.org/10.5603/CJ.a2020.0068
https://doi.org/10.1016/j.ajem.2020.05.014
https://doi.org/10.1016/j.resuscitation.2020.04.014
https://doi.org/10.1016/j.pedn.2014.02.002
http://refhub.elsevier.com/S0735-6757(21)00464-2/rf0060
http://refhub.elsevier.com/S0735-6757(21)00464-2/rf0060
http://refhub.elsevier.com/S0735-6757(21)00464-2/rf0060
https://doi.org/10.1016/j.annemergmed.2011.07.020
https://doi.org/10.1016/j.annemergmed.2011.07.020
https://doi.org/10.1007/s00431-017-2922-z
https://doi.org/10.1007/s00431-017-2922-z
https://doi.org/10.33963/KP.15741
http://refhub.elsevier.com/S0735-6757(21)00464-2/rf0080
http://refhub.elsevier.com/S0735-6757(21)00464-2/rf0080
http://refhub.elsevier.com/S0735-6757(21)00464-2/rf0080
https://doi.org/10.1177/1535676018793151
https://doi.org/10.1177/1535676018793151
https://doi.org/10.1161/CIRCULATIONAHA.117.033067
https://doi.org/10.1161/CIRCULATIONAHA.117.033067
https://doi.org/10.1016/j.resuscitation.2020.02.025
https://doi.org/10.33963/KP.15483
https://doi.org/10.1016/j.ajic.2016.08.011
https://doi.org/10.5603/DEMJ.a2020.0023
https://doi.org/10.1097/MD.0000000000003262
https://doi.org/10.1017/dmp.2020.128
https://doi.org/10.1093/tropej/fmx061
https://doi.org/10.1093/tropej/fmx061
https://doi.org/10.1097/PEC.0000000000001621
https://doi.org/10.1097/PEC.0000000000001621
https://doi.org/10.1097/PEC.0000000000001587
https://doi.org/10.1097/PEC.0000000000001587
https://doi.org/10.1080/10903120701536982
https://doi.org/10.1016/j.resuscitation.2009.08.001
https://doi.org/10.1016/j.resuscitation.2009.09.011
https://doi.org/10.1016/j.resuscitation.2009.09.011
https://doi.org/10.1016/j.ajem.2016.03.046
https://doi.org/10.5603/DEMJ.a2019.0031
https://doi.org/10.5603/DEMJ.a2019.0031
https://doi.org/10.5603/DEMJ.a2019.0025
https://doi.org/10.5603/DEMJ.a2019.0025
https://doi.org/10.5603/CJ.a2020.0054
https://doi.org/10.5603/CJ.a2020.0054

	Comparison of intravascular access methods applied by nurses wearing personal protective equipment in simulated COVID-�19 r...
	1. Introduction
	2. Material and methods
	2.1. Study design and participants
	2.2. Devices
	2.3. Study procedure
	2.4. Outcome measures
	2.5. Statistical analysis

	3. Results
	3.1. Participants
	3.2. Primary outcomes
	3.3. Secondary outcomes

	4. Discussion
	4.1. Strengths and limitations

	5. Conclusions
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Supplementary data
	References




